PROCESS FOR PRODUCING A SUPERCONDUCTING CABLE 

The invention pertains to a process for producing a superconducting cable. 

A flexible, high-power, DC superconducting cable is known from Elektrotechnische 
Zeitung (ETZ-b), Vol. 26, p. 215, 1974. This cable has a ribbon-like superconductor made of 
stabilized NbsSn, which is surrounded by a so-called "cryogenic envelope". 

The conductor is hollow, and liquid helium flows through it during operation. Between 
the cryogenic envelope and the conductor, there is a channel, through which liquid or gaseous 
helium also flows as a return line. 

The cryogenic envelope consists of several corrugated metal tubes, arranged a certain 
distance from each other, between which a vacuum is present as well as so-called 
"superinsulation". 

A cable of this type can be produced in lengths of up to 200 m on a continuous 
production basis. The maximum transmission-line power of a system consisting of two of these 
types of single-conductor cables is 5 GW. 

A superconducting cable in which a plurality of tapes, consisting of so-called 2nd- 
generation superconducting material, are wrapped around a support tube, through which liquid 
nitrogen flows, is known from spring 1999 edition of the Epri Journal These modern 
superconductors consist of flexible metal tape, onto which an yttrium-barium-copper oxide 
compound has been applied. 

A corrugated metal tube is provided over the superconducting tapes. Several layers of 
thermal insulation are then wrapped around the corrugated metal tube. The thermal insulation is 
surrounded by a second corrugated metal tube, and a spacer of Teflon is also provided on the 



thermal insulation. A solid dielectric and an external electrical shield are installed around the 
second corrugated metal tube. 

Common to both types of cable is that, when the cable is in the operating state and the 
superconductor and the cable elements surrounding it are at the temperature of the liquid helium 
or of the liquid nitrogen, they become shorter than the external cable elements, which are at 
ambient temperature. To prevent this decrease in length, fittings are provided at both ends of the 
cable to connect the individual cable elements nonpositively to each other and thus to prevent the 
inner cable elements from becoming shorter than the outer cable elements. 

Proceeding from this state of the art, the task of the present invention consists in 
providing a process for the production of superconducting cable, according to which it is 
guaranteed during the production process itself that the cable core will not contract as a result of 
a drop in temperature and become shorter than the outer cable elements, which are at ambient 
temperature. 

This task is accomplished by the characterizing features stated in Claim 1. 

Because of the way the cable core is designed, it is much stiffer than the corrugated tube. 
The cable core therefore lies against the inside surface of the radially outer part of the wall of the 
corrugated tube; that is, the turns of the cable core try to assume the largest possible diameter. 
Because, according to the invention, the inside diameter of the corrugated tube is larger than the 
outside diameter of the cable core, the length of the cable core located inside the corrugated tube 
is greater, relative to the center axis in question, than the length of the corrugated tube. When 
the ends of the cable core are now connected to the ends of the corrugated tube while the 
superconducting cable is on the cable drum, there is an excess length of the cable core in the 
corrugated tube. When the superconducting cable is unwound later from the cable drum, either 
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the corrugated tube stretches by an amount which corresponds to this excess, or the cable core 
comes to rest at intervals against the inside wall of the corrugated tube in a wave-like manner. 
When the superconducting cable is operating, i.e., when it is at the temperature of liquid 
nitrogen, the increase in the length of the corrugated tube is reversed or the wavy form of the 
cable core is lost. 

The invention is explained in greater detail on the basis of an exemplary embodiment, 
which is illustrated schematically in the figures. 

Figure 1 shows a lateral cross section through a superconducting cable, which has been 
produced according to the principle of the invention. The cable has a core 1, which consists, in a 
manner not shown here, of an inner support tube; one or more layers of high-temperature 
superconducting material, which are wrapped around the support tube; and a dielectric, which is 
applied over the layers of high-temperature superconducting material. The dielectric must have 
high cold resistance and can consist, for example, of continuous filament glass cloth, mica tapes, 
or possibly polytetrafluoroethylene. 

The cable core 1 is located in a so-called "cryogenic envelope", which is built up out of 
an inner corrugated tube 2 and an outer corrugated tube 3, which is located a certain distance 
away from the inner corrugated tube 2. 

A layer 4 is wound around the inner corrugated tube; this layer consists of plastic film, 
both sides of which have been coated with vapor-deposited aluminum. A spacer 5 is wound 
around the layer 4; this spacer consists advantageously of several strands of plastic, glass fibers, 
or a ceramic material, which are interwoven with each other in a braid-like manner. 

A so-called "superinsulating" layer 6 surrounds the spacer 5. This layer consists of 
alternating plies of metal foils or metal-coated plastic films and sheets of nonwoven plastic 
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material or of a nonwoven material based on glass fibers or ceramic materials. 

The structure of a cryogenic envelope is the object of EP 0 326 923 Bl. 

Before the superconducting cable is put into service, the ring-shaped space 7 between the 
corrugated tubes 2 and 3 is evacuated. 

To cool the superconducting cable 1, liquid nitrogen is conducted through the support 
tube of the cable core and through the interior space of the corrugated tube 2. 

Figure 2 shows a side view of a production system, by means of which the 
superconducting cable can be fabricated. 

A metal strip 1 1 is pulled continuously from a coil 10; this strip is cleaned if desired in a 
strip-cleaning unit 12 and is gradually formed in a shaping device 13 into a slotted tube with a 
longitudinal seam. 

The longitudinal seam of the slotted tube is then welded in a welding station 16, and the 
welded tube with the cable core 14 inside it is sent by pay-off device 17 to a corrugating device 
18. 

In the corrugating device 18, the longitudinally welded tube is corrugated, and then it is 
wound up on a cable drum 19. A so-called dancer 20 regulates the pay-off speed of the cable 
drum 19. 

After the desired length of superconducting cable has been produced or after the cable 
drum 19 has become full, the two ends of the cable core 14 are connected nonpositively to the 
ends of the corrugated tube 2. 

Because the cable core 14 is much stiffer than the corrugated tube, the cable core 14 rests 
against the corrugated tube, namely, against the larger radius of the coiled corrugated tube. The 
cable core inside the corrugated tube is therefore longer than the corrugated tube. 
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In a following step of the process, the elements shown in Figure 1, namely, the metal foil 
4, the spacer 5, the superinsulation 6, and the outer corrugated tube 3, are applied over the 
corrugated tube in a similar type of production system. 

Figure 3 shows a cross section through the core of the cable drum 19, on which the 
corrugated metal tube (inner corrugated tube 2 according to Figure 1) with the cable core 1 or 14 
(according to Figure 2) inside it is wound up. It is easy to see that the stiff cable core 1 rests 
against the radially outer part of the inside surface of the corrugated tube 2, and thus the length 
which it has inside the corrugated tube 2 is greater than the length of the corrugated tube 2. 

The length difference Al (= excess length) is calculated by the use of the following 
formula: 

Al = ArxIIx2xa 

where Ar is the difference between the radii of the inside diameter of the corrugated tube 2 and 
the outside diameter of the cable core of the superconducting cable on the drum, and a is the 
number of turns of cable on the cable drum. 

If the corrugated tube 2 has an inside diameter of 60 mm, the cable core has an outside 
diameter of 50 mm, and the core diameter is 3,000 mm, we obtain an excess length of 3 cm per 
turn. The total length of one turn of the tube is 9.4 m. The excess length is thus 0.3%. Thus a 
contraction of the cable core of less than 0.3% as the core cools down to the temperature of 
liquid nitrogen can therefore be easily compensated. 

Figure 3 shows a length of cable which has been wound around a cable drum 19. It can 
be seen easily here that the cable core 1, because of its stiffness, rests against the radially outside 
wall of the corrugated tube 2. 

The cable core 1 and the corrugated tube 2 are connected nonpositively to each other 
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while they are still wound around the drum, as indicated schematically at 21 and 22. 
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